Abstract. Low-carbon development is one of the major initiatives for cities to cope with climate change. Low carbon city (LCC) has gained public and governmental awareness across China at present. The LCC practices in China were reviewed in terms of their distribution, status and major challenges. Based on the review, a strength, weakness, opportunity, and threat (SWOT) analysis were conducted to identify the key internal and external factors as well as the strategic options of SO, ST, WO and WT. In-depth comparisons and integrations among SO, ST, WO and WT resulted in six main strategies for LCC, which suggest the development priorities and details of LCC in China. The research results provide scientific basis for the urban development planning, and government decision-making in China.
Introduction
The "Sustainable urbanization" [1] points out, there are 3 billion and 900 million people living in the city area in the world, equivalent to half of the world's population. 70% of the world's population, about 6 billion 300 million people will live in the city area in 2050. The total output value of the domestic city occupies the world 70%, while the city is a "major" greenhouse gas emission. The urban development speed, population, energy consumption and industrial structure play a critical role to the control of greenhouse gas emissions. The concept of LCC was first published in in the white book "Our Energy Future: Creating a Low Carbon Economy" published by the UK government in 2003. According to the WWF (World Wide Fund for Nature), LCC means, in the context of a city's rapid economic development, energy consumption and carbon dioxide emissions kept at low levels. LCC's development planning is the integration of low carbon concept and technology, urban spatial planning and urban development planning, and reasonable arrangement of urban space and development sequence, in order to achieve the goals of LCC [2] . Research of LCC could trace back to Kawase's review of the long-term scenarios in other countries and the discussion of the medium-term scenarios in Japan to support the development of a Japan's long-term climate stabilization scenarios [3] . Kei Gomi developed a local low carbon scenario creation method and developed an estimation model to show a quantitative and consistent future snapshot [4] . Nakata reviewed the application of energy models considering scenarios towards an LCS (low carbon society) the energy systems approach [5] . Glaeser and Kahn quantified the carbon dioxide emissions associated with new construction in different locations across America [6] . Kennedy (2011) defines a zero carbon, Low Carbon, or Carbon Neutral urban development by proposing hierarchical emissions categories with three levels and proposes a comprehensive and rigorous City Framework for Carbon Accounting (CiFCA) [7] . Feliciano and David C proposed the contents of Low carbon city planning, which includes: local carbon footprint development, action plan, implementation, and guidelines policies [8] . Cam highlighted a misinterpretation of a popular triple bottom lines (TBL) diagram which leads to fragmented, compromised approach to LCC [9] . China is the most populous country in the world. With an annual average GDP growth rates settling in at 9% to 10% over recent decades, its economy is also one of the fastest growing. The steady growth has attracted global attention for both outstanding economic figures and the potential environmental impacts resulted from the massive increase in energy consumption. Due to its limited resources and environmental capacity, China is impelled to explore a path of sustainable development, which will contribute to the development and security at national and international levels [10] . Sustainable development of China's growing cities therefore is a top priority. Furthermore, Shenzhen, a promising city in southern China, is founding International Low Carbon City (ILCC) as a pioneer [11] . According to the OECD (Organization for Economic Co-operation and Development), the emerging model of low carbon development (LCC) has become an important movement to cope with energy security crisis and global climate change [12] . It not only provides a solution to urban development challenges, but also brings new development opportunities. Table 1 compares the key socioeconomic indicators of the six-pilot low-carbon provinces and ten major LCCs in 2015. It illustrates the divergence of these provinces and cities in terms of urbanization, industrial structure, economic development, energy consumption and forest cover.
Status of China
The divergences in socioeconomic indicators underscore the provinces and cities' different stages of urbanization and hint at possible differences in priorities, focuses and strategies for pursuing a low-carbon development pathway. After several years practices, the cities above started to build up systematic framework of LCCs, including: draw up supporting policies and low-carbon development planning, improve the industrial systems characterized by less carbon emissions, establish data statistics and management system for greenhouse gas emissions, and strongly initiate low-carbon lifestyle and consumption patterns with the release of China's pilot LCCs.
Prospect of LCC Development in China SWOT Analysis
SWOT analysis (alternatively SWOT matrix) is an abbreviation for strengths, weaknesses, opportunities and threats. It has been successfully applied to identify the key internal and external factors to achieve an objective. In her strategic urban development planning of Dar es Salaam city in Tanzania using SWOT analysis, Halla concluded that the SWOT method is stronger than the procedural or master-planning approach in planning and managing cities [13] . In this section a SWOT analysis is applied to the strategic development research of low-carbon city development in China.
According to the strategic options of SO, ST, WO and WT in table 2, six main strategies for LCC were identified through comparisons and integrations (see Figure 2) . The six strategies are: powerful policy support and financial aid from government, development and application of low-carbon technologies, establishing carbon emission trading system, making development planning, optimal adjustment of industrial structure and energy consumption structure, and advocating low-carbon idea and guide low-carbon behavior. 
Major Challenges in China's LCC Development Planning
First, cities and provinces in China are lack of strategic development planning. There is no single good practice experience can be applied to everywhere. The multitude of parallel projects appears to have created complexity, confusion, and overlaps in the development of LCCs, and some city's low-carbon planning often focus on one or few fields, such as clean energy development, cleaner production audit, green building or transportation, etc., without comprehensive consideration of low-carbon development planning from the whole process, which includes carbon sources, carbon flows and carbon sinks. Second, there are some deficiency of theories and methods of LCC's planning and design. In practical, some cities put forward new ideas to construct LCC, but most of them stay at macroscopic level. There are urgent needs for experience of planning and design, relevant theories and methods, such as detailed procedure and specific contents of planning, layout and design methods of urban space, and evaluation criterion and methods.
Third, according to the BP Statistical Review of World Energy [14] , China has already overtaken the United States as the world's largest energy consumer in 2010. Meanwhile, China is one of the highest consumers in coal consumption and energy consumptions per GDP. China's energy consumption and carbon dioxide emissions have increased rapidly with the industrialization and urbanization. At present, carbon dioxide emission of China has fell in recent years and energy consumption was downshifting from an unsustainably fast pace from 2002 to 2010 [14] . (see Figure  3) .
Last but not the least, the proportion of tertiary industry exceeded the proportion of secondary industry for the first time in 2013 and the proportion of primary industry fell year by year (see Figure 4) . The higher entry threshold has been released for certain industries and strict limits have been set for new projects with high energy consumption, high pollutant emissions or excess capacity. Furthermore, due to inappropriate urban planning, insufficient investment of public transportation, and growing number of vehicles, carbon emission of automobile is only less than the carbon emissions of secondary industry and is still increasing. 
Development Priorities of LCC in China
The top priority should be the establishment of a legal safeguard system and financial aid from government for low-carbon economy. For example, government can enact "Low Carbon Economy law" on the basis of "Circular Economy Law" and "Renewable Energy Law". Meanwhile, financial aid can be provided to the manufacturers and individuals who produce and consume low-carbon products, and guide low-carbon production and consumption patterns. LCC's targets can be realized only with the joint efforts of government, manufacturer, market and public (see Figure 5 ).
Low-carbon technology innovation is the key to the development of LCCs. The long-term planning should be aimed at new-style and high-efficiency low-carbon technology. Besides governmental policy, manufacturers play an important role in the research and development of low-carbon technologies, which include energy saving technology, clean energy development and utilization, clean and efficient utilization of coal, exploration and development of oil and gas resources and coal bed methane, carbon capture and storage, technology of clean energy vehicle, agrarian structure transformation and land arrangement, and, control technology of greenhouse gas emissions. Carbon emission trading system (CETS) is a mandatory market which is responsible for the carbon emission reduction. CETS can help us to co-allocate resources effectively and control greenhouse gas emissions. To ensure healthy operation of the trading system, qualification examination and verification of carbon trading mechanism and third-party agency are critical.
Authority, scientific, foresight and comprehensiveness should be embodied in LCCs' development planning. In general, we should highlight the main fields in LCC's development planning, such as low carbonization of carbon sources, strictly controlling carbon flows, increasing carbon sinks (see Figure  6 ). Optimization of industrial structure and energy structure can help to reduce greenhouse gas emissions from the sources. And advocating low-carbon idea and guiding low-carbon behavior can draw attention to develop a low-carbon lifestyle to promote the development of LCC.
Conclusions
China is still at the stage of rapid urbanization and industrialization, how to coordinate the development of industrialization and low carbonization has become a research focus. LCC provides a new pathway for sustainable development in China, it brings both opportunities and challenges to us. Although the development priorities of LCC are put forward according to the status analysis and SWOT analysis, there are still some urgent problems as follows, Government's guidance is not enough, some policies, regulations, appraisal mechanism and criterions should be issued as soon as possible.
Framework of LCC's development planning is unclear, and there is still lack of relevant theories and research methods.
Innovation ability of low-carbon technology is insufficient, especially some advanced and key technologies.
Cooperative mechanism among government, manufacturer, market and public is immature.
